Aims: to investigate if early life characteristics and social mobility during childhood are associated with incident thrombotic stroke (tS), haemorrhagic stroke (HS) and other stroke (OS). Methods: Our study population consists of all live births at Uppsala University Hospital in 1915-1929 n = 14,192), of whom 5532 males and 5061 females were singleton births and lived in Sweden in 1964. We followed them from 1 January 1964 until first diagnosis of stroke (in the national Patient Register or Causes of Death Register), emigration, death, or until 31 December 2008. Data were analysed using Cox regression, stratifying by gender. Results: Gestational age was negatively associated with tS and OS in women only. Women had increased risk of tS if they were born early preterm (<35 weeks) (HR 1.54 (95% CI 1.02-2.31)) or preterm (35-36 weeks) (HR 1.37 (95% CI 1.03-1.83)) compared to women born at term. By contrast, only women who were early preterm (HR 1.98 (95% CI 1.27-3.10) had an increased risk of OS. Men who were born post-term (⩾42 weeks) had increased risk of HS (HR 1.45 (95% CI 1.04-2.01)) compared with men born at term, with no association for women. tS was associated with social mobility during childhood in women: women whose families were upwardly or downwardly mobile had increased risk of tS compared to women who were always advantaged during childhood. Conclusions: Gestational age and social mobility during childhood were associated with increased risk of stroke later in life, particularly among women, but there was some heterogeneity between stroke subtypes.
Introduction
Low birthweight and reduced foetal growth are associated with increased risk of cardiovascular disease (CVD) in adulthood [1] [2] [3] [4] ; however, the link with gestational age is less evident. Although infants born prematurely (<37 weeks gestation) have increased rates for CVD risk factors, such as high blood pressure [5] , type-2 diabetes [6, 7] , and increased adiposity [8] , the relationship between preterm birth and CVD remains unclear.
Previous studies from the Uppsala Birth Cohort Multigenerational Study (UBCoS Multigen) have found an association between gestational age and stroke [9, 10] , specifically, a negative linear trend between gestational age and stroke mortality [9] , and an association between gestational age and incident 'other' (undefined) stroke among women in a subsample [10] . Similarly, a cohort study based on the total population of Sweden found those born very early preterm (<32 weeks) had increased risk of stroke in young adulthood [11] . However, research from the Helsinki Birth Cohort Study has found no association between preterm birth and incident stroke [12, 13] .
Various factors, such as birthweight [13] [14] [15] , birthweight-for-gestational-age [9, 10] , birth length [13, 14] , head circumference [13] , and placental weight [13, 14] , have also been investigated in relation to stroke risk in adulthood, with only birthweight and birthweight-for-gestational-age consistently showing a negative relationship.
Furthermore, CVD and its risk factors follow an inverse social gradient: individuals who have adverse socioeconomic conditions during childhood have increased risk of CVD in later life [16] . Although little is known about the effect of social mobility during childhood and its effect on stroke in adulthood, it could be hypothesised that individuals with accumulated disadvantage will have poorer health outcomes in adulthood.
there are two types of stroke: thrombotic (or ischaemic) stroke (tS) and haemorrhagic stroke (HS), with tS accounting for approximately 87% of all strokes [17] . tS and HS have differing pathophysiology, yet most studies group them together. Ascertaining specific determinants of different types of stroke may provide important insights for stroke prevention.
Using data from UBCoS Multigen Study, our aim was to investigate the associations between early life characteristics and incident tS, HS and 'other' (undefined; OS) stroke. We extend previous studies by including an additional follow-up of seven years [9] , by focussing on incident strokes (rather than mortality) and their subtypes [9] , by expanding on a previous analysis which only looked at a smaller subsample of women for whom pelvic size measurements were available [10] , and most importantly, by examining the combined effect of gestational age and social mobility during childhood on incident stroke.
Methods
Data comes from the first generation of UBCoS Multigen (http://www.chess.su.se/ubcosmg/), including all 14, 192 live births born at Uppsala University Hospital, Sweden in 1915-1929 [18, 19] . Parish records were used to trace the cohort members' emigrations and deaths until register data became available in the 1960s; these records had ~98% completeness to follow-up. We restricted our sample to singleton births (n = 13,748) and those still alive and resident in Sweden in 1964 (n = 11,580). Our final sample comprised of 10,593 individuals who had complete data on social and health characteristics at birth. Additional analyses on social mobility during childhood had a study population of 7985 individuals. the study was approved by the Regional ethics Committee in Stockholm.
Variables
Data on birth characteristics were derived from obstetric records. Our primary focus was gestational age measured by date of last menstrual period. Gestational age was categorised into four groups: early preterm (<35 completed weeks of gestation), preterm (35-36 weeks), term (37-41 weeks), and post-term (⩾42 weeks). Other birth characteristics examined were bir thweight-standardised-for-gestational-age (z-score), birth-length-standardised-for-gestationalage (z-score), and head-(occipito-frontal)-circumference-standardised-for-gestational-age (z-score), all categorised into quartiles; placental weight categorised into four groups: ⩽550 g, 551-650 g, 651-750 g, >750 g; and placental weight in relation to birthweight (percentage) categorised into four groups: ⩽16.5, 16.5-18.5, 18.5-20.5, >20.5. Gender-specific z-scores of birth-length-standardised-for-gestational-age and head-circumference-standardised-for-gestational-age were created for this study and were calculated using the cohort as a reference, excluding individuals who were born <30 weeks gestation (n = 5). the category limits for the placental weight variables were based on limits used in a previous UBCoS Multigen study [20] .
Our social indicators were family social class at birth and social mobility during childhood. Family social class at birth was based on father's occupation or mother's occupation if she was single, and was obtained primarily from obstetric records (97.9%), with 2.1% of the data coming from census 1930. Family social class at birth was categorised into five groups: higher and intermediate non-manual, entrepreneurs and famers, lower non-manual, skilled manual, and unskilled manual. Social mobility during childhood was created using family social class at birth and family social class at aged 10, which was also based on father's occupation or mother's occupation if she was single (75.4% with available data, drawn primarily from archived school records). Individuals were classified into two groups at each time period: advantaged, which included high and intermediate non-manual, entrepreneurs and farmers, lower non-manual and skilled manual social classes; and disadvantaged, which were those from unskilled manual social classes. Accordingly, social mobility during childhood was categorised into four groups: always advantaged, upwardly mobile, downwardly mobile, and always disadvantaged.
Included covariates were birth year (1915-1919, 1920-1924 and 1925-1929) to control for potential cohort effects, maternal age at birth (continuous) and parity (categorised into parity 1, parity 2 and parity 3+).
Incident tS, HS and OS were defined as the first recorded hospitalisation or death with the respective Missing data the attrition analysis between our eligible sample (n = 11,580) and our main study population (n = 10,593) showed that our excluded individuals were more likely to be born between 1915 and 1919 (44.7% vs 24.3%), from unskilled social classes at birth (54.6% vs 49.5%), to be born before 35 weeks gestation (3.5% vs 1.8%), to have lower birthweight (3415 g vs 3467 g) and smaller head circumference (34.7 cm vs 34.8 cm). Comparisons with our population for the analyses on social mobility during childhood (n = 7985) and the excluded individuals who lacked data on family social class at aged 10 (n = 2608) showed that excluded individuals were more likely to be born between 1925 and 1929 (47.2% vs 39.1%) and from higher and intermediate non-manual class (11.1% vs 8.3%), entrepreneurs and farmers (20.1% vs 18.8%) and unskilled manual (51.3% vs 49.0%) social classes at birth.
Statistical methods
We used StAtA v11 to perform descriptive statistics and fit Cox proportional hazards models. Follow-up began on 1 January 1964, when the Hospital Discharge Register was launched [21] , and continued until diagnosis with stroke, emigration, death or until 31 December 2008. All analyses were stratified by gender, and were initially adjusted for birth cohort with individual's age defining the time scale. Analyses for gestational age were further adjusted for family characteristics at birth, birthweight-for-gestationalage and placental weight/birthweight ratio in a series of hierarchical models. Analyses for the other birth characteristics were only further adjusted for gestational age and birthweight-for-gestational-age.
We explored potential interactions with gestational age, gender, parity and family social class at birth. For the tests with family social class at birth, social class was categorised into three groups: high (higher and intermediate non-manual, and entrepreneurs and farmers), middle (lower non-manual and skilled manual) and low (unskilled manual) social class. results table I presents the characteristics of the sample; men at birth were heavier, longer, had greater head circumference and a larger placental weight than women; however, there was no difference between genders with regards to social characteristics. Social class at birth was associated with length of gestation (p = 0.01); a higher proportion of individuals from unskilled manual social class were born early preterm (2.1%) compared with those from high non-manual backgrounds (0.6%) (see Supplementary table S1 online). there was no difference in the frequency of preterm birth according to birth year or birth cohorts. Rates of incident stroke are displayed in Supplementary table S2. Rates for all stroke types were higher among men, with tS being the most prevalent in both men (536 cases per 100,000 person-years; 95% confidence interval (CI) 504-570) and women (464 cases; 95% CI 434-496).
table II displays the hazard ratios (HRs) for stroke types by birth characteristics. Gestational age was negatively associated with tS and OS in women only. Women born prematurely (<37 weeks) had increased risk of tS compared to women born at term. After further adjustment for parity, maternal age, family social class at birth, birthweight-for-gestational-age and placental weight/birthweight ratio, these effects strengthened for both those born early preterm (HR 1.66 (95% CI 1.10-2.50)) and preterm (HR 1.42 (95% CI 1.06-1.90)). Only women who were early preterm (<35 weeks) had an increased risk of OS and the effect was not changed significantly in hierarchical models (not shown). Gestational age was not associated with HS in women, but men who were born post-term had approximately 1.5 times the risk of HS compared with men born at term.
tests for statistical interaction between gestational age and gender, gestational age and parity, and gestational age and social class at birth in their effects on stroke were non-significant. negative linear associations were observed between birthweight-for-gestational-age and tS in men (p = 0.009), and OS in both genders (p < 0.05). Placental weight and placental weight/birthweight ratio were associated with all stroke types, but to varying degrees. Placental weight was associated with tS in both men and women; however, in fully adjusted models the association only remained in women (p = 0.006). no association between placental weight and HS was observed in the minimally adjusted models, but there was a positive linear association in women after further adjustment with gestational age and birthweight-forgestational-age (p = 0.001).
Social class at birth was associated with HS in women only (p = 0.049). OS was not significantly associated with social class at birth in either gender, although in women there was a suggestion of lower risk among the higher non-manual group compared to all other social classes (table II) . tS was not associated with social class at birth, but was associated with social mobility during childhood in women (p = 0.02): women whose families were upwardly or downwardly mobile had increased risk of tS compared to women whose families were always advantaged during childhood. 
Discussion
In our cohort, gestational age was associated with incident stroke, but to varying degrees. Women born preterm (<37 weeks) had increased risk of tS, and women born early preterm (<35 weeks) had increased risk of OS, compared with women born at term. Gestational age was not associated with HS in women. However, men born post-term had increased risk of HS compared with men born at term. Social class at birth was associated with stroke in later life only among women; women belonging to lower social classes had an increased risk of HS, whilst women from higher non-manual social class had lower risk of OS compared to all other social groups. Moreover, women who belonged to families who were either upwardly or downwardly mobile had increased risk of tS compared to women whose families were always advantaged.
A strength of our study was use of UBCoS Multigen data. this large, well-established historical longitudinal cohort with great completeness of follow-up allowed us to observe individuals across their life course [18] . Our main study population only included individuals with complete data; from our possible sample (see Methods) our study population had low attrition (8.5%). However only 74% of the sample had data on family social class at age 10; therefore for the analyses on social mobility during childhood, there appears to be a selection bias towards those born between 1915 and 1924 and from a skilled manual family social class at birth. nonetheless, we do not believe this impacted our results in any meaningful way.
While our primary focus was the relationship between gestational age and incident strokes, we also present other birth outcomes for completeness, and this led to many outcomes (as seen in table II). Consequently some findings may be due to chance. However, we believe there is good justification to distinguish between different types of strokes and to explore potential gender differences in our analyses. nevertheless, replication of this study would be valuable.
Moreover, data for incident stroke may be incomplete as the coverage of the national Patient Register was not completed for all parts of Sweden until the 1980s; however, our study subjects were relatively young during the start of follow-up and therefore, may be less affected by this issue.
A limitation of conducting a longitudinal analysis of stroke is that both the availability of diagnostic tools and the ICD codes have changed during our follow-up period; however, our coding is based on relatively larger groups of diagnoses and is consistent with other longitudinal studies which have used stroke subtypes [10, 13] .
Furthermore, our construct of social mobility during childhood, based on father's occupation or mother's if she was single, does not capture single motherhood per se but rather transitions in family social class during childhood. Finally, we were unable to assess the risk of stroke among individuals whose family social class was 'unemployed' as employment status was not captured in the socioeconomic data available to us nor were we able to explore mechanisms linking birth characteristics and later stroke as we did not have access to variables such as smoking, dietary and physical activity habits.
to date, there has been limited evidence of an association between gestational age and stroke in later life, but our findings suggest that an association does exist. Our study supports previous research also conducted in Sweden which showed a link between gestational age and stroke mortality, [9] and another where women who were born <36 weeks gestation had double the risk of OS compared to women born 40-41 weeks gestation [10] . Another Swedish study using total population data found that those born <32 weeks gestation had nearly double the risk of cerebrovascular disease in young adulthood, but no such risk was observed in those born 32-36 weeks [11] . Although a recent study from the Helsinki Birth Cohort Study found that there was no increased risk of thrombotic, haemorrhagic or all strokes in those born preterm [12] , women born <34 weeks had a higher rate of coronary heart disease. Coronary heart disease and tS have similar aetiology with a common mechanism of atherosclerosis [22] ; thus it is feasible that if early preterm birth is associated with coronary heart disease, it could also be linked with tS. Moreover, very preterm birth is associated with structural brain alterations in early adulthood, whereby volumetric differences in grey matter and white matter are linearly associated with gestational length [23] . It is possible that these persisting anatomical differences lead to an increased risk of stroke in individuals born preterm in our cohort.
Previous studies have shown that low birthweight and low birthweight-for-gestational-age are associated with stroke in adulthood [9, 13, 14] . However, when these studies split stroke by subtypes, birthweight was not associated with either tS or HS [13] , nor was birthweight-for-gestational-age associated with tS [9] . In comparison, we found that birthweight-for-gestational-age was negatively associated with tS in men only, with no association found with HS. these findings may be reflective of the differences in pathophysiology by stroke subtypes.
